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® Embryogenic callus and cell suspension of inbr*d corn. 
(57) Embryogenic callus of corn inbred B73. embryonic cell 
suspensions of ccrn inbred B73. clones of the embcvogenic 
callus and ceil suspensions of corn inbred B73. com plants 
and the seed thereof regenerated from the e.^bryogenic 
callus, embryogenic cell suspensions and clonts of the 
tmbryogenic callus and embryogenic cell suspensions, and 
progeny of the regenerated corn plants including mutant and 
variant progeny are claimed. 
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Field of the Invention 
The invention relates » erabrycgenic callus of. com inbred B73 - 
a major ca*>ercial inbred corn variety. The invention also relates to 
e-11 susrensions derived fr« -a^enic cellos of com inbred B73. The 
«11 suspensions »y he characterized as uniform stores of «*croeuc 

5 and other cells. Unexpectedly, the cell suspensions accords to the 
invention give rise to **r>os of com inbred B73 under certain culture 
coitions descried herein^. T^e invention further^ relates to 
viable «ed-producirg plants o£ com inbred B73 regenerated frcn, tne 
^rvccenic callus or erbr^cnic cell suspension acoordir* to the inven- 

,0 tion'. 'lastly, the invention concern, »>unt and/or recombinant progeny or 
m enic callus cr e^onic cell suspension com plant, regener- 
ated" therefra,. Specific exiles of the e^cenic callus of com 
inbred B73, fro. Ouch ^r^enic ceil suspension be 
been deposited Ln th, Tyje teltur. C=llect:on u-«r XZ. acces 

15 sion nurber 40116 on April 1-5. 19S4. 



R elevant An 

In the 



• Zea mavs L. or com is a major worldwide cereal arc?. 
continentaTunited Sta.es alcoe, an estimated 82 million acres of corn « 
planted yearlv. A survey of the U. S.corn ger* plasr. base corcucteo » 
19 79 accounts for 1.3 billion poind, of seed com, determined that com 

20 inbred B73 was used in .he predion of approximately 178.5 inUlxcn 

parfs of com hybrid seed, ^is a^t reflects aoproxanately 14% o. tne 
total com seed retired for the 1980 planting of 62 million acres of corn 
- in the United States. B73 was used to produce .ore hybrid colt, seed Jic. 
any other com i*>red line In *e 1979 survey. * ^ 

25 line used In hv*rid com seed Ruction, B73 is a ccn^ercially in*ort_nt 

1 inbred. 

impact on the commercial com seed business. 

Current >;thcds for L-^rwing inbred com lines are tine cn- 

^ .-cw Thus, methods -hat reduce any o: 
sur.inc, later intensive, and ..s\7- -.us, a.u.* 
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these croblems vould represent an advance Ln the cereal breed ing arts. 
One method for inducing chaces in an inbred corn seed line is acco^ 
pliched bv excosina inbred seed corn to a mutagen, which may be icnizing 
-adlation or a oogenic chemical, growing the seed out, and screening the 
com plants for a desired characteristic such as decreased height or path- 
ogen resistance. Seed from plants displaying the desired characteristics 
are then replanted, rescreened and the seed from plants passing the screen 
are regained. After several years and many grow^uts of the seed, a 
sufficient seed stock of the inbred displaying the desired characteristic 
is accumulated for comercial breeding. 

Several problems attend the method of obtaining a modified inbred 
cim se~d line as described above. Inbred com lines are highly homozy- 
cous or pure-bred. Such inbred lines frequently display low vigor, and 
as a result f recently produce few seed. If seed production is too low, 
successful large-scale production of seed derived from a single plant of a 
modified inbred line may not be possible at all. Even if the modified 
inbred is vigorous and produces adequate numbers of fertile seed, several^ 
years and many acres of land are required to produce e^ugh seeds to make 
commercial breeding possible. 

Othe'" accroaches to the propagawion Wi 
have also been succested and rely upon plant tissue culture techniques. 
In som* of these approaches, cell cultures are subjected to nutacer.ic 
ionizing radiation. The desirable characteristic is selected or screened 
in coll culture. Cells having the desirable characteristic are propagated 
in culture and ultimately regenerated to form seed-bearing plants (see 
e.g., Eottino ?. J., "*e **ential of Genetic .Manipulation of Plant Cel. 
Cultures for Plant Breeding," Radiation Botany, 15:1-16 (1975). 

The feasibility of using selection techniques on callus cultures 
of certain ncn-cc^rcial com inbrecs and the regeneration of plant, .pro- 
ducing seed that carry the characterstic selected in tissue cuKure has 
b« dencn.tr.ted by Hi*ert et al. (see, "Selection and ^c^ization 
of a ^edbaoc - Insensitive Tissue Culture of Maize," Planta, 148.183 18, 

( 1 980 ) . ) 
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PT.OT to the develops,, of the Cryogenic callus line of com 
inbred 373'of the instant lotion. » frt*!. «^ f ture 

or *TOnic cell suspension of a crucially signify 

iri red '2 lin. has been described. *e» -spect to ^ 
s y» of ,»nco™ercial com inbreds. C.S. Green has described a friable 
callus of com inbred MSB capable of generating * "f^,. 

^ryooenesis (see, Green. C.E.. "Static E*bryogen.sis and , Unt *gene. 
aticn the Firable Ca!us of Zea^ in Prcc. 5th Int 1. 
Plant Tissues and Cells. «do ttjl*. *P™« ^""1 
,0 Tissue Culture, pub. Tokyo, B*yros.nle.. liable A183 

callus according to Green can * derived fr OT spontaneous s*cors of 
otogenic callus. Organogenic caUus according to Green can be gained 
JL. Latere zygotic e*ryos frc the seed of sibUng P=U n ted 
V88 ar- r^ed fro, the s*«i and placed in a Murashige and Stoog (M-. 

u- „v1 - <M c P^^lccia Plantaria , 15:426 (1962)) itMluri, 

^ 0.5 Jl 2,,.. 1 * L-aspar^, - 0.7, bactcagar. - 

► • «„Kr^ a incjbated at 28"C with 16 hours light per day. (Se. 
• un ai 1979 "A Histological Examination of Tissue Culture 
Springer, W.D. et al., ^ 7fi q-091 ) 

T » afcrcs of H3ize", Protocias;na, 101, 269 .81.) 

20 £££ of'tTp^ary tygotic proliferates rapidly and fo^s 

^ call, culture. ... -P— <* the 

h ^iy m^istenatic. Apical r>eris^ for... at L« su.— - - 

^characterized by . «— — ~-j2£T 
«*dU are aviated with th. tot PctaorfL. *• l = 

25 organogenic. 

Green' s eabrvogenic callus arises spontaneously as sectors grow- 
ing fro. the established organic callus or can be induct fro, pr^y 
cultures with proline. Proline, however, does not appear to induce 

■ n,« -n B73 G-Ws erbryogenic callus appears undifferan- 
- pyogenic callus . B -3 C« J£* ^ ^ 

30 tiated, highly friable, has U.ae org 

is fast growing, retiring suturing at least every two 
L^elic callus culture described by Green develops to the col^ptUa. 
stace on KS or N6 rcediu, with 2* sucrose and 0.5 to 1.0 mg/1 2.4-0. 
"oil development to the ~ture stage is possible if b-e «±rvc. 

35 are transferred to N6 .ediu. with 6, sucrose and no 2.4-=. The mature 



01 60390 



fcrvos can than be induced geminate on MS or N6 median containing 2i 



enc 

sucrose without hcimcr.es 



Green also describes suspension cultures of the Cryogenic line 
of A133 ard discloses that such suspension cultures can be maintained in 

5 MS median containing 1 mg/1 2,4H> with 2% sucrose. When alicuots of the 
suspension cultures are plated onto solidified MS medium containing 2% 
sucrose, a callus forms frcm the plated suspension and embryos form on the 
callus surface. These embryos are transferred to MS or N6 medium witn 6% 
sucrose for further development. After 2 weeks on medium with 6% sucrose 

10 these are transferred to lew sucrose, hormone-free median for-*mbryo gen- 
eration. A1S3 plants may be routinely regenerated from these embryos. 

A ron -rpcenerating cell line of com inbred B73 is known (see 
potrvkus et al, n^t-iral Allied Genetics, 54:209, 1979). This cell 
line' in suspension culture was established from a primary culture of 
15 protoplasts* from plant tissues of the 373 inbred. The cells are charac- 
terized as growing well Ln suspension culture and easily maintainable on 
agar medium. Furthermore, the cells can be enzymatically tu_„ed into 

• ,.„,- r-^P-p— and become proliferating cells 
protoplasts, wnich in turn r^ 5 e..e - ^ 

*^,« t i y , the cell? of this line have never been mcuced to 

istir v^li known in other nor.- regenerating diploid plant cell lines. (See 
M g" Me^ows, "Characterization of Cells and Protoplasts of the B73 Maize 
Cell Line" Plant Science Letters, 28:337-343(1982/33). Other attempts to 
achieve plant regeneration from established 373 callus- have been similarly 
25 unsuccessful. (See Barticowiak. E. , "Tissue Culture of Maize Plantlet 
Regeneration From Scutella Callus," Genetica Polonica., Vol. 23:93-101 
(1982)). 

ihe ability to culture somatic cells of inbred plants in vitro 
enables the olant brewer to apply the techniques of microbial genetics to 
, Q croblems in cro F plants. Included in the genet ical 

aporoaches that hav-e application to plant breeds are: election or 
stations in cell cultures, studying host-pathogen interrelationships, 
transf- of cenetic information into cells through uptake of exogenous 
heteroiogus jsee Sroka ct al., U. S. Patent 4,394,448) or homologous rsee 
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I PR! 2ur=sean Patent Application No. 90032A) DMA. Furthermore, somatic 
cell culture enables the plant breeder to develop, select and propagate 
somaclcnal variants having novel or useful agronomic characteristics. 

The major obstacle to the application of these techniques to com- 
mercial com inbred B73 and sore other commercial inbreds has, until now, 
been the inability to provide a tissue culture or cell suspension that can 
regenerate whole plants. The cmbryogenic com callus line and com cell 
line derived therefrcm provided by the instant invention makes it possible 
to apply somatic cell genetic techniques to a major ccnmercial com line 
for the first time. The particular uses to which a cereal, and particu- 
larlv a com cell line such as the one described herein, can be put are 
outlined in numerous articles (see e.g., Sottino, P. J. "Potential of 
Genetic Manipulation in Plant Cell Culture," Radiation Botany, Vol 15: 
1-16 (1975) and Vasil, I.E., "Plant Cell Culture and Somatic Cell Genetics 
of Cereals and Grasses," Plant Improvement and So matic Cell Genetics, 
.Vasil, Ed.., Academic Press, NA\ , 1st Ed., (1933) and "Tissue Culture in 
the Production of Novel Disease-Resistant Crop Plants," Biol. Rev., 
54:329-345 (1979)). 

These uses include selection at the cellular level of mutations 
for resistance to toxic substances, such as herbicides and substances 
Produced by plant pathogens. Since the selections are carried cut at the 
cellular level, it is likely that whole plants regenerated fran the cells 
will show the selected characteristic. It is significant that such a 
svsttsi would allow plant breeders" to select (or screen) for the desired 
characteristic from .among thousands of cells in a single culture dish or 
flask, whereas a large field plot would be required to select or screen a 
corresponding number of seed grown plants according to traditional plant 
. breeding methods. 

It has, for example, b:en demonstrated that corn plants derived 
from Black Mexican Sweet com, a ncn-co^ercial cultivar, can be regen- 
erated frcm tissue cultures that have been selected for resistance to 
lysine and threonine and that tissues cf the regenerated plant likewise 
c'roduce com slant tissue that is resistant to lysine and threonine. Se<= 
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Hibbe-t, K.A et al., "Selection and Characterization of a Feedback - 
insensitive Tissue Culture of Maize," Planta, 148=183-187 (1980). 

The utility of such selections carried out in callus cultures has 
also been demonstrated by the regeneration frcm callus culture of corn 

5 plants resistant to southern corn leaf blight, a plant disease caused by a 
pathotoxin produced by the plant pathogen HeLnenthosporium njaydis race T. 
By exposing com callus to the pathotoxin produced by the plant pathogen, 
resistant callus was selected. Significantly, the progeny of certain 
resistant plants were also resistant to the toxin and plant pathogen. 

,0 Thus callus culture of a com cell line is demonstrably effective in the 
development of pathogen resistant com seed/ (See Gengenbach et al., 
-inheritance of Selected Pathotoxin Fesistance in Maize Plants Regenerated 
Fran Cell Cultures," Kit'l. Acad. Sci. USA, 74:5113-5117 (1977)). 

Brief Description of the Drawincs 
Figure 1 is a representation of an isozyme pattern for esterase 
15 obtained by starch eel electrophoresis as farther described in Example 7. 

Figure 2 is a representation of an isozyme pattern for alcohol 

- w _4_ - — ,-,u - a i eio^—chc^sis as further described 
dehydrogenase obtain by starch gel ele^w-- 5 « 

in Example 7. 

Figure 3 is a representation of an isozyme pattern for glutamate 

, . .. 3rd , oei electrochoresis as further described 

20 .dehydrogenase obtained by sparer, gea e.ec-tu. 

in Example 7. 

Figure 4' is a representation of an isozyme pattern for ^-glu- 
cosidase obtained by starch gel electrophoresis as further described in 
Example 7. 

Summary of the Invention 
The present invention comprises tissue cultures of com inbred 
line B73. Tnese tissue cultures are characterized as enbryocenic callus 
cultures of com inbred B73 and cell suspension cultures derived fro, the 
enfcryogenic callus culture of com inbred B73. As used herein, the tern 
-enbrvocenic callus" is defined as a friable callus having no visible 
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organization on maintenance m*iiu* but on generation median organizes 
into discrete globular statures, a portion of which germ!r,te to ~rm 
plants. 

ta use^ herein the term "variation- is defined as phenotypic 
chafes that are: stable, i.e., they persist In the absence of the event 
that M the change; and heritable, i.e., the new phenotype is trans- 
mitted to darter cells when they divide. Changes in phenotyt* that per- 
sist "only so long as the cell, or tissues are maintained in a new envxron- 
ment are referred to as physiological responses. 

"Genetic variation" is used herein to describe heritable vari- 
ation that is sexually transmitted to progeny of plants regenerated fro. 
cultured ceils or tissues. The t«. "™tant" is reserved for the sp^a. 
case of cenetic variation in **. * "ait is transmitted ,e 1 ot 1 =ally_ 
according to well-established laws of iaheritance. when the nature or t,e 

• w^.^n r>s» terra "variant" is used. 
15 heritable change is not known, tne cecn vol 

, ■wy-^o-^ad" referring to plants, 
As used herein the tern rege. / 

me>ns plants derived fro, cell and tissue culture. The term "pr=ce,y" 
Jns plants obtain* by self-fertilization, sitling-fertiiizauon, back- 
crossing or out-crossing of the regenerated plants. 

M used herein the «o "clone" refers to callus or cell suspen- 
sions propagated fro, ah established cell suspension or callus line. 

Tne -tf,rvcoe.ni'c callus culture of corn' inbred B73 characteris- 
tically is a collection of substantially isodiapetric cells which grow ln 

^ C of rx-lls on solid maintenance medium such as KS 
clumps or aggregates of ceils on 

25 -dia or H6 ^ that has been supplied with 0.25 to , 0 2,£. 
^2* .wt/vol, sucrose. 0„ -intend -diu. the e^nogen.c callus is 
friable, i.e., easily bro km into seller cl^ of cellsard ^ 
cells, under the light microscope, no tontines epidermal laye i 
visible in the Cryogenic callus. In general. ^ . 

30 yellow-brown in color. Growth of the eugenic callus is »P*£»- 
su~d in fresh weicht adulation; the embr^enic callus grows *ou. J 
^ ster .nan *e organic callus culture fro, which it arose. ». 
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a consequence of its growth rate, the embryocenic callus needs to be 
transferred to new medium every 1-2 weeks. 

The embryogenic callus is further characterized by the absence of 
differentiated plant structure such as snail shoots or their prunordia, 
5 roots or their primordia, and meristems. A characteristic of cell suspen- 
sions derived from the callus is the production of a nucilagenous poly- 
saccharide in media containing sucrose and 2,4-0. This polysaccharide has 
been identified as a glactcse-mannose polymer. 

The most notable characteristic of the embryogenic callus is its 
10 formation of embryo-like structures. The embryo-like structures- are can- 
pact and globular. By transferring the globular structures to a hormone- 
free median such as MS or N6 Tedium, sane of these globular structures can 
be induced to fcnn plants. The plants can be transferred to soil and 
fertile B73 corn plants are obtained. The progeny of these regenerated 
15 plants are substantially identical in form to seed^rown 373 plants. 
Tnus, the invention encompasses corn plants regenerated from an enfcryo- 
genic callus of com inbred B73 and the progeny of the regenerated com 
plants. 

m~- <„..„-4. c.^'-o. r^n'eo? e^'^ocenic cell suspension cul- 
20 tures of etnbryogenic callus culture of com inbred B73. Unexpectedly, 
these cell cultures retain the ability to regenerate viable 373 corn 
plants. B73 cell suspensions capable of regenerating whole plants are 
initiated from friable B73 callus maintained on MS medium. The friable 
callus is transferred into a medium suitable for maintaining suspension 
25 culture, e.g. MS medium with 2 rog/1 2,4-0, and is placed on a gyrotary 
shaker at 130 rpm at 28'C. Cell suspensions are induced to focn globular 
embryos by plating on solidified MS or N6 medium containing no hormones 
and 2-5% sucrose. Globular embryos' are transferred to solidified MS or N6 
median containing no hordes, 2% sucrose and optionally charcoal added to 
30 adsorb residual hormones, if any, and plantlets form on this medium. Thus 
the invention encompasses com plants regenerated from an e-nbyrccenic cell 
suspension of com inbred B73 and the progeny of the regenerated com 
plants. 
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^ e i-^ntion will be better understood fro, the following exam- 
ples which are interred by the inventor to be exemplary only and non- 
limiting. 

EXAMPLE 1 



TO 



Initiation of Orcanccenic Culture 
Plants from maize inbred line B73 were grown to maturity in a 
5 gre-nhouse supolemented with metal halide lights (15 hours/day) and main- 
tained at 30 'C during the day and 21 'C at night. These plants were self- 
or siblino-collinated. Irmtature zygotic enbrps 1.0-2,0 millimeters (mm, 
in lencth'(12-14 days post pollination) were aseptically reeved froousur- 
fac- sterilized kernels and placed fiat side down co the initiation medium 
which contained KS salts and vitamins, 150 mg/1 asparagine, 0.6% agar, 
0.5 na/1 2.4-0 and 12% sucrose. All culture medium had been adjusted to a 
P H of's.8 prior to autoclaving. Cultures were incubated in tr.e car* a. 
28-C for 2-3 weeks, when a conpac-. white tissue proliferated rran tne 
crl^orhizal end of the scutellixr.. The zygotic embryonic "sheet axis was 
15 not part of the proliferating tissues. Ifte white compact tissue which was 
comrosed of small parenchyma-like cells with meristematic regions was 
covered by an eoidermal layer. Nu^rcus root meristems, occasional shoots 
a^c^hcrains were seen in this tissue. White compact tissue was ■ 
removed from the embryos, transferred to a maintenance medium, which was" 
20 tne s^e as the initiation «dian but included 0.5-1.0 rrc/1 2„-3 ana 2% 
sucrose, and cultured under elites (1500 Tux) at 28'C. Cultures v*re 
transferred to fresh medium every 10-20 days. 

The conoact tissue produced on the. initiation median, became 
extremely heterogeneous when transferred to the. maintenance medium.. »um- 
25 erous shoots, roots, as well as friable and compact green tissues became 
- visible. Leafy and rooty tissues were carefully removed and ciscarced 
from the compact organogenic tissue at each transfer. 

After one year of continuous selection against non-regenerating 
regions and roots, the resulting organogenic tissue was dark green cc^ 
30 pact, convoluted and covered by a defined epidermis. ft is eo.de raa- 
laver remained continuous even in zones that produced shcot menst^ms. 
Me^ist-natic centers were cccr™ beneath the epidermal layer. This tissue 
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was characterized by an e*tr**ly slow grow* rate wnich could be 
inc^sri by the Edition of 9 i*/l —tin. ft. edition or zeatm also 
reduced the quantity of tissues normally selected against. 

EXAMPLE 2 

Initiation and Selection o f Bnhryoaentc Callus 
A friable, fast-growing callus was selected fran the organogenic 
5 tissue after ever one year in culture in the following manner. The 
organogenic callus fro. vhich the Cryogenic callus w*s isolate was 
transferred to maintenance -die. contining HS salts and MS vitatms, 
mo/1 asoaragir.e, 1 *g/l 2,«. 1 "SA ^ichlotophenxy acetic acid 
(3 5-0)", 2% sucrose and 0.6% washed agar. The organogenic callus was 
,0 transferred after 3 weete W fresh .nedium having the s*te oxnponents. 

After a total of 5 weeks er. the Miia, the erfcryegenic callus 
acce-red as snail isodia^tric cells having dense cytoplas. and large 
nuclei on microscopic examination. Tt* sectors were er-bedded „ a 
mucilacenous matrix. Tn, sectors «d collagenous matrix were re^ed 
,5 fea. the surrounding compact organogenic callus with sterile titers or 
„ ^ by scraping with a sterile scaoel. me sectors and ,ucUa- 

„i -jfnf.n2.nr* rnp^itm as describee above out. 

ge.nous matrix verc f^- 1 -- — 

ladcing 3,«. Friable «**og«iic callus grew approximately 3 t,mes . 
faster than the organogenic tissue on the maintenance medio, vx~ 3, 3-D. 
20 Although the embr^enic callus was initially isolate from an organogenic 
callu/that had been g«o« cn maintanence medium including 3,,-D, enor yc- 
oenic sectors have been subsequently isolated fro, organogenic cal.us that 
has been maintained without 3,5-D. Ttese isolates, however, tend to 
rapidly organize and cannot he maintained. 

EXAMPLE 3 
initiation of Suspe nsion Cultures 
2S One and seventy-seven one-hundredths gra» (U77 g) of friable 

• u ^ tj7"j inroYlated into 25 ml of MS medium 
callus tissue from corn inbred B73 was incoaia.ee: 

having the following components: 
magnesium salfate-seve- hydrate (NbSCvTH^) , 
calcium chloride-dihydrate (CaCl 2 -2H20) , , 
30 potassium nitrate (KNO3), 
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ammonion nitrate (NH4NO3), 
potass ion phosphate (KH2PO4), 
manganese sulfate -four hydrate (MnS0 4 -4H20) , 
zinc sulfate -seven hydrate (ZnS04-7H20) , 
cupric sulfate -five hydrate (OiS0 4 -5 H2P), 
cobalt chloride-six hydrate (CoCl2-6H20 
potassium iodide (KI), 
boric acid (H3BO3), 

sodiun molybdinun oxide-dihydrate ^a 2 MD04 ,2H 2°) » 
ferrous sulfate- seven hydrate (FeS04-7H20) , and 
sodiun ethylenedianinotetracetic acid (Na2E3TA). 

In general, as used in the invention, the exact concent-ration of the salts 
can be varied within limits without departing from the invention., .To_ 
standardize the making of the- media, however, the concentrations of the 
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above listed minimal salts 


arc as follows: 




MgS0 4 -7ri2O 


370 milligram/liter (mg/1) 




CaCl2-2H20 


440 mg/1 




KNO3 


1900 mg/1 




NH4NO3 


1650 mg/1 


20 


KH 2 P0 4 


170 mg/1 




MnS0 4 -4H2O 


22.3 mg/1 




Zn£0 4 -7H20 


8.6 mg/1 




.C0S0 4 -5H2O 


0.025 mg/1 




CoCl2*6K2P 


0.025 mg/1 


25 


KI 


C.83 mg/1 




H 2 B0 3 


6.2 mg/1 




Na2Mo0 4 *2H20 


0.25 mg/1 




FeS0 4 -7ri2O 


28.75 mg/1 




Na2EDTA 


37.25 mg/1 



30 The median further contains the following vitamins, hormones and 

carbohydrate sources: 

Tniamine-HCl °- 2 

Pyrodoxin-HCl nT ? /1 

Nicotinic acid . 1 - 3 m ^ 

35 Calciun pantothenate °- 25 '"S/ 1 

L-asoaragine 132.0 mg/1 

2,4-0 2.0 mg/1 

sucrose 2% wight/volane 

pH 6 -° 
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The friable embryocenic callus and medium are placed in a 100 ml 
Delong flask and are incubated at 27 «C on a gyratory shaker at 130 r?n 
with indirect lighting fron Agrolites for 16 hours a day for 7 days. Cul- 
tures were transferred every 7 days in a 2 to 5 culture to medium transfer 
5 into 50 ml of the same media in 250 ml Delong flasks. 

Embryos are generated fron the suspension cultures by removing a 
one ml aliquot fron a 7 day old transfer and placing it on a solid plant 
growth medium such as MS medium or N6 median containing no hormones or 
0 01 mg/1 2,4-D and from 2 to 6% sucrose. The plates are maintained under 
10 the conditions described in Example 4 for approximately one wesk- Plants 

may be regenerated from the embryos by transferring the embryos to MS or 
- N6 media containing no hormones and 2 to 6% sucrose as described in 
Example- 6 below. 

EXAMPLE 4 
Formation of Ercbyros and Plantlets 
A 15 dav old suspension culture having a volume of approximately 
15 • 25 ml was placed* in a sterile centrifuge tube and the cells were spun down 
at 1000 rpn for "5 minutes. Tr.e supernatant -was discarded and the cells 

~« W nded in 25 ml of hormone free N6 medium containing 6% sucrose. 
One ml of the rescinded cells was dispensed onto solid N6 medium con- 
taining 6% sucrose, no hormones, and 0.5% washed agar (K.C. Biological*, 
20 Fenex, Kansas). The plates ^re covered and maintained at 27«C under 

Agrolites at 1000 to 3000 lux for 16 hours a day. After 23 days,, numerous 
globular structures grew on the hormcne-free N6 medium containing 6% 
• sucrose. These globular structures were removed and transferred to 

hormone-free MS medium with 2% sucrose and 0 . 1 % .charcoal . After 6 days 
25 four plantlets approximately 1 to 2 centimeters (cm) in length having 
shoots and rnots were observed. 

EXAMPLE 5 

Regeneration of B73 Plantlets from Sus pension Cultures 
A B73 suspension (maintained as a suspension for approximately 4 
norths) was centrifuged at 1000 rpm for 5 minutes to pellet its cells. 
These c-lls were then weighed and diluted with hormone-free M.S. medium to 
30 a concentration of 100 .iq suspended cells/ml hormone-free medium. One ml 



^ \J I O \J o ^ u 



i ^ hormone N6 mediae with 2% suc- 

, inn „ -,11s) was plated onto no nuu.^.~ 
of aeaiua ( 100 mg ceiisi . r 

rose, O.H charcoal, cH = 5.8. 

w o. es -r. incubated at 23'C in the car*, on. 
, ^Ir structures forred *ich «re then transferred to fresh 
«sh. J-™"""* Mter ^oroxi^tely 3 weeks, many of 

5 median and placed under Agrol.tes. Alter .. 

these structures had developed into plantlets. 

SAMPLE 6 

-^nd^ed of friable B7^Uus^t - - 

N6 ^ -i* « sucrose an, » ^ ^ 

- . „. ,,„ v ifvg,- 27 davs numerous plantlets we.e l 

T 1 » 'L- tiss* culture rexes (about 3 inches x 3 inches x 4 
,0 transferred to M . s . ^ 4a 2% sucrose. 

i,ches, contain; 50 ,1 « ^ ^ trar . sJe r«d to 

« ^'f i "hes -»» to purity, 

pots in the greenhouse. All of ttese p.a. 

EXAMPLE 7 

t Conoa-ison of ErWenic 373 Callus Culture 

Isozyme ^^.^^enic B 72_ tissue . 

— _ vs- ~m inbred B73 tissue ircicatec 

T"l ecll^icn; o'f^-zation buffer contain^ 

" ^ 7 ^ ft ^Lb"* -id at * 7.4, «* - ho^eni:ed 
16.7% w/v sucrose, 8.3% w/v a- u^^o was prepared for starch 

usin, a *r«= tissue ho^irer. *e hc^«-- 
eel electrophoresis and the result^ gels *re « ? 
^ „. alcohol 2 It. * ~ et al. 

_ -follows: fran 6 we°'< old areenhouse maintained B73 plants. 

^ " ^ dirS t! da,. Ifter .ermination fro. see,. 

Sf***^ - ^ ^" ^' B f 3 " one dav after soaking in distilleo 
25 Shoots - taken from mature B/3 seeds one cay 

water * w *f— » - soakina in dis- 

e ~~ mai-.<r* 373 embryo one day ar.-- - 
Scutellum - taken fran mature s 

tilled water. 

. ^ _ .v <e n 19 davs after pollination. 
7/v-cotic Emsryo - v-a^en 
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T^ture Zvcctic BArvo Rescued - taken 12 days after pollination and then 
t-ansf erred to the medium of Example 3 for 7 days. 

E^r vccenic'- 2,4-3 - friable embcycgenic callus tissues of B73 that were 

maintained on the medium of Example 3 without 2,4-D for 19 days. 

5 cryogenic * 2,4-0 - friable etnbryogenic tissues of B73 that were main- 
tained on the medium of Example 3. 

Organogenic - organogenic tissue of B73 that were maintained on the medium 
of Exarole 3. 

Figures 1-4 aru> representations of starch gels run for the indi- 
10 cated enzymes. The gels patterns show the following results: 

Esterase - Figure 1 - Embrycgenic cultures gave the same isozyme 
cattems as rescued zygotic embroyos and organogenic cultures gave the . 
same isozyme pattern as mature leaves. 

Alcohol dehydrogenase - Figure 2 - organogenic cultures and 
15 embrycgenic cultures on medio, without 2,4-D gave the sen* isozyme pattern 
as zygotic embryos, but Cryogenic cultures on the same medium containing 
2,4-0 did not. 

Glutamate dehydrogenase - ngure j - sr^.^c.-c „- 

medium without 2,4-D gave the same pattern as zygotic embryos, but e^ryc- 
20 genie cultures cn maintenance medium with 2,4-D did not. 

A -Glucosidase - Figure 4 - embrycgenic and organogenic culture 
gave the same pattern as coleoptiles but a different pattern than zygotic 
embryos. 

These results support the characterization that regeneration 
25 from embrycgenic cultures proceeds by a type of somatic embryegenesis. 

presence of isozymes usually associated with coleoptiles suggests tha. 
the timing of embryonic developmental events may be different than that 
of of zygotic ettbryes. 
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EXAMPLE 8 

Characterization of 

of Srfrrvocenic B73 Tissues . 

Tenrnlor a 7^1d e^enic cell su^nsicn of com irired 
B73 was transferred into a fres, 50 * Hquot of tne ^i- o 3- 

noht at 27 *C in a shaker at 130 rpm. 
The cultures were grown in the lignt at " 

L 7 days, cells a* debris «• re^ed frc the ««» by cent, uga- 
5 £ or fiftration. The renaini. clear culture «*« - ^ A 
- wi . h 3 voltes of ethanol (95% v/v) at rco, te^erature with stirring A 

Vh • nr^ioitate 'on-d, W3S collected on a glass rod, washed m 
white fibrous precipitate .octsc, _ ^ 

u i *h«3 ii a vacuum dessicator oven/ The dried preci. 
absolute ethanol and dried in a vacuum 

, „ • 1 ^r-v-i hvrfrcc^oric acid for 6 hours at 100 c 
itate was hvdrolyzed in 1 ncrrwJ. nycroc.-onu c 

ltate wa* . . 13c na ^ ljral abundance nuclear 

10 and the component sugars were analysed by K na-urai ao . 

.agnatic resonance (1*-**) « a Parian XL-200 »K spectrometer. 

The polvsaccharide was identified as a pol*« ceasing galac- 
tose and ™ In about a 4:1 glactose:™ ratio, me F"j£^ ' 
edition different fron »i- root si,-, which cental a lucose- c- 

k a + in fucos- ^ calacturonic acid, and com hull-gun, wn.ch 
15 oolvmer abundant m rucos^ -nc 

. • ^ rpi^ose in a 7:5:1 ratio see SmiJi, F. e- 
contains xylose, araoinose and ca_a.ose ji v /. 

• ,1 . . The Chemistry of Plant Guts an* MnHW s and Sere Re.^ed. 

u - ^i^^A 7>>m^sr^r>o Coro. . Ne.v York). 

EXAMPLE 9 
Carton Source Utilization 
e*cm«lc s^nsion .adtures of com Lnbred B73 were washed 

in cartc^rate-free medl« ani plated onto th. -di- of 3 

. _ . - . j .„w n washed aqar and contained 1% w/v or tne 
had been solidified with 0.t>% wasnea ag^ 

•i • ^ ccr-ounSs listed in Table I below. Colony grow_n 
filter-sterilized test carrcu-c* x^> _ 

^ • ,n u a '-«>r "» we-ks and 9 weeks growth in tne dar.< at 
was assessed visually a^er - -esxs « 



20 



27'C. 



25 



Tne toxicitv of galactose in the presence of sucrose -was tested 
on e^enic suspension cultures of com inbred 373 by incorporating 
o^JT<0.1 to 6, w/v, into the «diaa of *3^1e 3 contains w/v 
sucrose. Gcc«h - measures by packed cell vol« (PC,) after 7 days 
incubation on a shaker at :<"C in the light. 
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TABLE I 

Growth of menic C.U. of Corn I^red B73 on Various Carbon Sources 

B73 Cell Growth 

L „ Relative to r^hnh vdrate-Free Control 
Carbon Source R elative zo . 



sucrose 
D-^lucose 
soluble starch 
D-(+)-galactose 

-lactose 
D-sorbitol 
L-prol ine 
0 (control) 
L-(+)-arabinose 

myo- inositol 
-0-(+}-fucose 

L-glycine 
* L-arginine 
L-(-) -xylose 
D-(+ )-mannose 
DL-iT\alic acid 
D-mannitol 
L-(-) -sorbose 

-L-rharmose 
L -glutamic acid 

+ = Visibly detectable growth. 



Most of the carton sources did not suffcrt growth of the cells 
and the best growth was gained with sucrose and glucose. Soluble stare 
STJ TgJ grow,, of -he cell line after an initial la, p^od. The 

c^lin. - »* Ito1 ^ " 9TOWth "f^ 

fa ose. .he er^ic «n, cell H.e of B73 sho«d l^ted growth 



response to galactose. 
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The enbryogenic callus of com inbred 373 which crew en starch- 
containing plates appeared to lack the calactanannan secretion present in 
the plates containing sucrose or glucose. Suspension cultures of the same 
tissue growing on starch produced no detectable amounts of galactomannan. 

EXAMPLE 10 

5 Plants obtained in Example 6 were grown in the greenhouse and 

were either self -pollinated, ba6;crossed to the parent B73 line, or 
sibling-pollinated with sister regenerated plants (designated R]S] for 
self-pollinated, R]BZ] for back crossed and RjSib] for sibling pollinated). 
The corn progenies were produced fron four regenerated plants. Two . o f the 
10 regenerated plants were self -pollinated using the rain sten ear and a 

tiller tassel. Because of asynchronous erergence of tassels and silks and 
frequent occurence of tassel-^ars, the remaining regenerated com plants 
could often not be self-pollinated, but instead '-ere used as female 
parents in crosses to seec-crcvn 373. 

15 The seeds produced were crown out in the field bet'^een Deceroer, 

1*983 ard March 1984. Plants were evaluated in early February, which was 
approximately two weeks post-pollination for the corn. A total of ten 
rows of regenerant progeny were planted out ear- to- row. In addition, two 
seed-grown' planes used as male parents in crosses with the regene rants 

20 were also self -pollinated and used as check: rows. Traits examined 

included: plant height, ear height, stem diameter, leaf number .and any 
evidence of single gene mutations affect ing "plant appearance . While some 
rows showed evidence of sadt stress, no differences could be seen between 
the R-jS-j ^ RiBCi, and RiSibi prcceny and the seed-grown check rows. 

25 From the foregoing it will be apparent to those skilled in the 

art that enbryogenic tissues and cell suspensions of com inbred 373 will 
enable plant breeders, practitioners of methods of plant tissue and cell 
culture, and plant molecular biologists to carry out major improvements in 
this valuable ard widely used com inbred. The embryecenic cultures of 

30 com inbred B73 provided by the instant invention make it possible, for 
example, to subject these cultures to in vitro mutagenesis to induce vari- 
ation in com plants regenerated therefrom. Methods for chemical and 
physical mutagenesis as well as cell culture techniques for the recovery 
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* *~ t-srse ski 1 led in the -art (see for 

. ar p well NTiOwn tO CTOSe sm-iw 

I » -1* Ethyl h^-if^..- SESiS- 

taB a 8 282-290 0975,; Salint et al., ■B.-.In.tion of HF9 

!^ M - f " i ^ Pusari. 
5 mtants Sublines for ^ ^ ^ ^ 

in , tm t Plant Diseases, pp. 439^94 W ^ ^ 

S0Spe Crco Plants via Sir^le Cells in vitro - *. Assess- 

"^r 6 IT 82 ^ M1979,. *>us, the invention is consider^ 
,0 -nt.- ^UnH-H^ E"<_ ^ ^ sus5e ., sioci , rf corn 

to encompass ****** B.J -issue o£ ^ 

.-t-o^ ther»frcm ano the nxju^n- «>• °^ 

plants regenerated tner.-^ 

regenerated corn plants. 

■-, ^ r«^e«-e whole plants from the embrace enic 
Hie ability to cev-e-e— w e f 
-, u «Jw«» cultures cf oom inbred B73 provide-- by tne 
,5 tissue and cell sirens - ^ ^ ^ ^ „ Ktry out ^ 

tot " e lnVentlCT f ^ e traits or acainst undesirable trait;. (See 

,itro selections for ^ he:eir ^,,e.) Thus. 

Hiboert et al. and Be 5us0e ,,ior, cultures of com inbred 

usi*, the e^ryocemo .issue or eel.^ ^ of . 

, _. , H u. ~<- i -vent ion. iw ^ r* 

a _ coivc-^- aqents for example heroic.^es - 

reo ^ B^-*--' resistanc ;o ^ selectl ve aca.,ts a,d 

toxins, to select ^ ^ ^ ^ ^. 

. to generate plan. s^ „, ni c tissues and 

wi-.nin tne scope of ^e 1^ ^ ^ . 

25 ^ f Tne^ed - - ^ -el^env of the generated oom 
thereof regenerated 

plants . 

~ will also t. readily apparent to those s'KiHed in the art 

■ ™ic tissue «d cell suspension culture of com inbred B73 
that «br^emc t sue wirl>ntI „ „m 

30 rr^irtlJ ^ts 5 ^ ^enic tiss. culture a. cell 

inbred b/j °Y _ . hp instant invention. 

r inhred B73 proviced by tne ln^^-.^ 

su^nsion c^tures o ^^JJ ± ^ t0 ^ «m« Ln the art 
Such stable scmaclonal variants are we-i bio Ev ecuency of 

, in M^lo e- al., "Gironcsornal Variation anc ties 
as exemplified m sdalio e- ^ anC - ?iar.t 

u . a r--m Asw-ated with the in vitro, Cux.-re anc 
35 Socntaneous Met at .on ^scv..a^ 
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Regeneration in Maize." Kavdica 26, pc. 39-35 (1981 ); 3eckert et al., 
-Rude de la Variabilite Geneticue Cbtenue Cr.ez le teis Apres Callocenese 
et Regeneration de Plants in vitro , Acronor.ie 3, pp. 9-18 (1963); and 
Larkin et al., -Son»iclonal Variation - A Novel Scuroe of Variability from 
5 Cell Cultures for Plant Improvement," Theor. Aopl. Genet. 60 , pp. 197214 
■ (1981). A large body of literature in fact suggests that plants regen- _ 
erated fran culture are characterised by an unexpectedly high rate of 
stable propagatable phenotypic variation. See Rice, "Tissue Culture 
Inbred Genetic Variation in Regenerated Maize Inbred," 37th Ann. Com & 
10 ^rghun Research Conference (1983). Thus it is now possible to provide 
progeny- with genetic variations arising from somaclonal variants regener- 
ated from com inbred B73. Such characteristics ray be stably maintained 
in the second generation progeny of the regenerated plants and will 
generally exhibit either fferdel ian segregation (e.g., 3:1 ratio for single 
15 gene traits) or uniform expression since scnaclcnal variation arises in 
diploid cells and may generate bomor/gous variants. Thus, the invention 
is considered to encompass scmaclcnal variants of the embrycgenic callus 
and cell suspension of com inbred 373, com plants and the seed thereof 
regenerated therefrom and the progeny of the regenerated com plants. 
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1. Bnbr^enic callus and eugenic cell suspensions of com 
inbred B73 and the clones thereof. 

2 torn plants and the seed thereof regenerated from enbryo- 
ge nic callus a* -W-lc cell suspension of com inbr* B73 a* the 
5 clones thereof. 

• 3 . Mutagenic Cryogenic callus and mtagenized cell suspen- 
sions of com inbred B73 and clones thereof. 

' 4 Com plants ard the seed thereof regenerated frcn ^tagen- 
. lai Cryogenic callus and denized cell suspension of corn inbred 
10 B73 and the clones thereof. 

. 5 p^cceny of com plants regenerated tcm Cryogenic callus 
^ ^eni/clll suspension of com inbred B73 and clones there., 
said progeny including nutants and variant progeny. 

. 0 f com inbred S73 having the character- 

; „„ ie callus of com inbred B73 deposited in tne 

15 istics of " ZZZ « - — *« — — 40U6 ' snd 

Cryogenic callus or Cryogenic cell suspensions.^ 

7 com Plants and the seed thereof regenerated fro* the 

• ",-al lus and rabryogenic cell suspensions and clones of said 

8 M utegenized erbryogenic callu, of com inured 873 said 

, callus of com inbred B73 having the characteristics of an 

"TTn" c^ com inured B73 deposited in ^ **• 
erbryogen-c callus ot » 40116, mutagenized cell 

25 culture Collection under .^cession Nunbe- JO g 
suspension derived fron said erbtycgenic callus and clones 
Tended eugenic callus or e^eni, cell suspensions. 
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9. Corn plants and the seed thereof regenerated from the rruta- 
genized erbryogenic callus and mutagenized cell suspensions and clones of 
said rutagenizec erbryoge.nic callus and rnatagenized erbryoge.nic cell sus- 
oensions of Claim 8. 

10. Progeny of corn plants regenerated from embryogenic callus 
having the characteristics of an cnbryogenic callus of com inbred B73 
deposited in the American Type Culture Collection under ATCC Accession 
Number 40116 or regenerated frcn cell suspensions derived frcm said 
embryogenic callus having the characteristics of an errbryogenic callus of 
com inbred B73 deposited in the African Type Culture Collection under 
ATCC Accession Nirnber and clones thereof, said progeny including 
mutants and variant progeny. 

11. An erbryoge.nic callus of com inbred 373 as deposited in 
the American Type Culture Collection under ATCC. Accession Nuroer 40116, 
cell suspensions derived from said erbr^cgenic callus and clones thereof. 

12. Corn plants and seed thereof regenerated frcn the embryo- 
genic callus of corn inbred 373 as deposited in the American Type Culture 
Collection under A.TCC Accession Nurrhor *1 0116 ceil suspensions 
derived frcrr, said erbyr scenic callus and clones thereof. 

13. Mutagenized etibryccenic callus of com inbred 373 as 
deposited in the American Type Culture Collection under ATCC Accession 
Number 40116, mutagenized cell suspensions derived fron said erbryogenic 
callus and clones thereof. 

14. Com plants arx3 the seed thereof regenerated from the nuta- 
genised callus, ir.utage.nizcd cell suspensions and clones of said mutagen- 
ized e:\bryogenic callus and mutagenized e-b pyogenic cell suspensions of 
Claim 13. 

15. Progeny of corn plants regenerated from the errbrysgenic 
callus com inbred B73 as deposited in the American Type Culture 
Collection under ATCC Accession Number -1 n 1 1 v , ceil suspensions derived 
fran said enbryogenic callus arxf clones hereof, said progeny including 
mutant and variant prccency. 
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ALCOHOL DEHYDROGENASE 



o 

u 
z> 
o 
in 

UJ 

cr 



o 



D 
i 




